Cognitive impairment associated with schizophrenia (CIAS) includes neuropsychological deficits in attention, working memory, verbal learning, and problem solving. These deficits have been shown to be linked to impairment in functional status (eg, social behavior, work performance, and activities of daily living) among patients with schizophrenia in cross-sectional studies. Less is known about the relationship between cognitive and functional change over time, such as potential functional implications of treatmentrelated improvement in CIAS. The purpose of this review is to summarize research on the association between change in CIAS and change in functional status, to discuss responsiveness of functional outcomes measures, and to provide recommendations for future research and measure development. Nine longitudinal studies were located on the link between CIAS and functional status, and 8 functional outcomes measures were used across these studies. The 9 studies offer initial support for a link between change in cognitive function and change in functional status. However, inconsistent findings across studies indicate that available research is preliminary, and substantial questions remain unanswered. Shortcomings of functional status measures are noted: most instruments were not developed for the target population, and none have demonstrated responsiveness to cognitive change among schizophrenic patients. It is recommended that new functional outcome measures be developed that are specifically designed to be responsive to change in cognition, with domains previously shown to be related to cognitive ability. When creating new functional outcomes measures for assessment of patients with schizophrenia, responsiveness to change in CIAS should be evaluated as part of the development and validation process.
Introduction
A substantial body of research has shown that cognitive impairment is common among patients with schizophrenia, and these cognitive deficits appear to be distinct from positive and negative symptoms of the disorder. [1] [2] [3] [4] [5] [6] [7] [8] The National Institute of Mental Health has established the Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) initiative, which has brought together representatives of academia, industry, and government in order to catalyze regulatory acceptance of cognitive impairment associated with schizophrenia (CIAS) as a target for drug registration and to promote development of novel treatments to enhance cognition in schizophrenia. [9] [10] [11] Based on literature review and expert input, participants at the first MATRICS consensus conference selected 7 key cognitive domains to be assessed among patients with schizophrenia: working memory, attention/vigilance, verbal learning and memory, visual learning and memory, reasoning and problem solving, speed of processing, and social cognition. 10, 12 In recent years, CIAS has received increasing attention in the literature, likely for 2 reasons. First, CIAS has recently been identified as a potential target of pharmacological treatment based on data suggesting that second-generation antipsychotics may improve cognitive functioning among patients with schizophrenia. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Second, cognitive skills have been shown to be associated with functional status among patients with schizophrenia and may have a greater influence on functional outcomes than positive or negative symptoms. [24] [25] [26] Functional status is a multidimensional construct that encompasses an individual's ability to perform activities of daily living (ADL) and participate in various life situations. 27 For example, functional domains associated with CIAS include social functioning, work functioning, health-related quality of life, and ADL. 20, 24, 25, [28] [29] [30] [31] These functional domains are important to assess in clinical trials of schizophrenia treatment because traditional efficacy measures do not reflect impairment in life functioning, which often persists after symptom improvement. 26 Most studies on the association between functional status and cognition have been conducted at one point in time. Less is known about this relationship over time, including the possible functional implications of treatments targeting cognition in patients with schizophrenia. Two types of longitudinal studies have begun to examine these issues. The first type of study examines the link between a baseline cognitive assessment and later evaluation of functional status. 32 A recent article by Green and colleagues 9 reviewed 18 of these studies, each with a minimum 6-month follow-up period and an assessment of community outcome (eg, social, vocational, and independent living). Overall, results indicated that baseline cognitive assessment predicted subsequent functional outcome, which supports the development of treatments specifically targeting cognitive deficits in schizophrenia.
The current article reviews a second type of longitudinal study, which involves assessment of both cognition and functional status at multiple points in time. Although few of these studies have been conducted thus far, this line of research can provide unique insights into the functional implications of change in cognitive status resulting from either age-related declines or treatment-related improvements. Thus, the first goal of this review is to summarize research on the association between change in CIAS and change in functional status.
As more research begins to examine this longitudinal relationship, it will be important to assess functional outcomes with measures that are reliable, valid, and sensitive to treatment-related changes. A wide range of validated and partially validated measures has been used to assess the functional status of patients with schizophrenia. However, little is known about the measures' responsiveness to change in cognitive functioning. Consequently, the second goal of this article is to discuss responsiveness of functional outcomes measures and to provide recommendations for future research and measure development.
Relevant articles were located through a broad Medline search designed to identify studies of patients with schizophrenia that included both neuropsychological (eg, cognitive, memory, attention) and functional (eg, occupational, social, quality of life, and adaptive functioning) terms. Reference sections and review articles were examined to ensure that the search was comprehensive.
Studies of the Association Between Cognitive and Functional Change
Given the well-established link between cognitive and functional status at one point in time, it can be hypothesized that change in cognitive ability would be associated with a corresponding change in functional status. Six longitudinal treatment studies provide initial support for this hypothesis (table 1) . Three of these studies involve pharmacological treatment. Buchanan et al 33 found that changes in memory over 1 year of open-label clozapine treatment were correlated with changes in quality of life. Similarly, Galletly and colleagues 34 found a statistically significant correlation between improvement in quality of life and performance on a digit symbol substitution task during open-label clozapine treatment. In this study, however, change in several other neuropsychological tests (eg, oral word association and category instance generation) was not significantly associated with change in quality of life. A third study, conducted by Velligan et al 35 , did not directly examine the correlation between cognitive and functional status, but a possible connection may be inferred from treatment group differences. Quetiapine-treated patients demonstrated significantly greater improvement than patients treated with conventional antipsychotics in verbal fluency, verbal memory, and quality of life. The same pattern of results for cognitive and functional status in this study is consistent with a hypothesized link between the 2 domains. However, it should be noted that change in adaptive functioning was also assessed in this study, and no group differences were found.
Three studies examined the link between cognitive and functional outcomes of psychosocial treatment for schizophrenia. Spaulding et al 36 reported mixed results regarding the association of cognitive and functional improvement over 6 months of psychosocial rehabilitation. Although significant correlations were found between change in social functioning and change in 2 executive functioning tasks (ie, COGLAB card sorting random errors and Halstead Reitan Trail-Making-Test B), 11 other cognitive tests were administered that were not related to social functioning over time. A second study, conducted by Hogarty et al., 37 examined both neuropsychological improvement and functional change as indicated by a social adjustment composite score across a 2-year trial comparing cognitive enhancement therapy (CET) and enriched supportive therapy (EST). 37 Although the association between neuropsychological and functional change was not statistically evaluated, results for neuropsychological and social adjustment composite scores followed similar patterns, which is consistent with the hypothesis that there may be a link between improvements in the 2 domains. Specifically, the CET group demonstrated greater improvement than the EST group in neurocognition, processing speed, and social adjustment at 12 and 24 months.
In a third psychosocial treatment study, Wykes and colleagues 38 conducted a 3-month randomized trial of a schizophrenia treatment program involving individualized daily sessions targeting executive functioning and memory deficits. The treatment group did not Measuring Functional Status Changes demonstrate greater improvement than a control group in symptoms or social functioning. However, if cognitive flexibility improved over a certain level, then social functioning also improved. This finding suggests a possible ''threshold'' relationship between cognitive and functional status. Improvement in cognitive function may have to reach a threshold before a meaningful change in functional status occurs. Three longitudinal studies have examined the link between cognitive and functional status outside of a treatment context (table 2) , and results were more consistent than findings of treatment studies. These studies focused on geriatric patients with schizophrenia over longer periods of time, ranging from 2½ to 6 years. [39] [40] [41] In all 3 samples, cognitive declines were associated with corresponding decreases in functional domains, which included ADL as well as social and adaptive functioning. Furthermore, compared to symptom change, cognitive change was more strongly related to functional status change in all 3 studies.
Taken together, findings from the 6 treatment and 3 nontreatment longitudinal studies provide initial support for the hypothesis that change in neurocognitive ability is associated with change in functional status and executive functioning. 36 In addition, several studies suggest that change in overall neuropsychological performance may be associated with a corresponding change in functional status. 37, [39] [40] [41] Further research is needed to examine the strength, nature, and consistency of this relationship.
Functional Outcome Measures Used in Studies of Cognitive and Functional Change
One possible reason for the inconsistent findings regarding the link between cognitive and functional change is that measurement of functional status was not ideal or consistent across studies. In the 9 studies summarized above (tables 1 and 2), a total of 8 instruments were used to assess functional domains including social behavior, occupational role, adaptive skills, quality of life, and ADL. All 8 instruments, along with subdomains and relevant citations, are summarized in table 3.
Two of the instruments focus primarily on social functioning: the Assessment of Interpersonal ProblemSolving Skills (AIPSS) 42 and the Social Behavior Schedule (SBS). 43 Several of the other instruments assess social functioning subscales along with domains that fall within the broad overlapping constructs of ''adaptive functioning'' and ADL. Instruments with adaptive functioning/ ADL scales include the Alzheimer's Disease Assessment Scale-Late Version (ADAS-L), 44 the Clinical and Dementia Rating (CDR), 45, 46 the Multnomah Community Ability Scale, 47, 48 and the Social Adaptive Functioning Evaluation (SAFE) measure. 49 These instruments vary widely in terms of the specific skills that are assessed such as community affairs, hobbies, and personal care, as well as more basic skills such as toileting and feeding.
The remaining 2 instruments integrate a broader range of functional constructs, including occupational domains. Several studies used the Quality of Life Scale (QLS). 50 Similar to ''functional status,'' ''quality of life'' is a multidimensional construct, which has been defined as an individual's subjective perception of the impact of health status on physical, psychological, and social functioning. 51, 52 The QLS total score is based on a semistructured interview that yields 4 subscales measuring interpersonal relations, instrumental role, intrapsychic foundations, and experience with common objects and activities. The study by Hogarty et al 37 used a composite social adjustment score derived from a similarly broad range of domains including employment, relationships, ADL, and mental ability.
There are several limitations of the functional outcomes measures used in these longitudinal studies. Only 2 of the 8 measures, the AIPSS and QLS, were designed specifically for use in patients with schizophrenia. The ADAS-L and CDR were designed for use among patients with dementia, while the others were developed for more general groups of psychiatric patients (ie, SAFE and SBS). Furthermore, the ADAS-L, CDR, and the SAFE were developed to assess the functioning of elderly patients. Schizophrenia typically has an onset in early adulthood, and consequently, these instruments may not assess skills relevant to a general sample of patients with schizophrenia that could include younger individuals. Instruments are more likely to be sensitive to change within a given population if they are developed and validated among the target patient population. 51 Therefore, most of the measures used in the reviewed studies are not likely to have optimum responsiveness among patients with schizophrenia.
Furthermore, most of the 8 measures do not assess the full range of functional status domains that are specifically relevant to schizophrenic patients. Cross-sectional studies suggest that cognitive deficits are associated with a range of functional deficits, including independent living ability, occupational limitations, and self-care difficulties. 26 However, most of the functional outcomes measures used in the longitudinal studies are relatively narrow in focus, such as the AIPSS and SBS which only assess social functioning. Therefore, these measures can only provide one part of a larger picture of the relationship between cognition and functional status among these patients.
Responsiveness and Minimally Important Difference
The responsiveness of an instrument is the extent to which the instrument accurately reflects the change in a patient's condition and discriminates between patients who change over time and those who do not. [51] [52] [53] [54] None of the currently reviewed functional status instruments have been evaluated in terms of responsiveness to change in cognitive impairment among patients with schizophrenia. Responsiveness is considered to be a critical measurement property because an instrument without adequate responsiveness could fail to detect a clinically significant change in a patient's condition. Furthermore, an instrument with inadequate responsiveness would not be suitable for assessment of treatment effectiveness because the instrument could fail to identify meaningful betweengroup differences in change.
Responsiveness is an important step in the process of instrument development and psychometric validation, often following evaluation of reliability (eg, interrater, internal consistency, and test-retest) and validity (eg, content, criterion, and discriminant). 51, 52, 54 A related construct is the minimally important difference (MID), which is used to interpret treatment-related changes. The MID is defined as the smallest difference in a score that is clinically meaningful, usually based on patients' perceptions. 55 Evidence of an instrument's responsiveness and MID accumulates over multiple studies using both anchor-based and distribution-based methods. 56 The anchor-based methods examine the relationship between changes in the instrument being examined and changes in clinical or patient-reported outcomes. The distribution-based methods (eg, effect size, standard error of measurement, standardized response mean) provide an index of responsiveness based on the observed changes and an estimate of score dispersion. 54, 56, 57 Ideally, multiple approaches are used, with both anchor-and distribution-based results contributing to the overall evaluation of responsiveness and identification of the MID. Responsiveness and MID are not static characteristics of functional outcome measurement. Instead, these properties may vary with the type of study and the characteristics of the patient population (eg, demographics, disease severity, and previous treatment). 54 Although none of the reviewed functional outcomes instruments have been assessed in terms of responsiveness to cognitive change, responsiveness of the QLS has been evaluated relative to a clinical anchor. 58 During a 1-year study of treatment with either clozapine or haloperidol (n = 423 at baseline), change in overall clinical condition was categorized by clinicians using a 5-level global rating scale. The degree of improvement in QLS total scores was strongly associated with clinician-rated improvement, suggesting that the instrument is responsive to clinical change. Responsiveness of the QLS was also assessed with a distribution-based approach using the same sample. 59 Effect sizes were computed to assess sensitivity of the QLS to change over time and to treatment effect. Both effect sizes were in the moderate range (0.35 and 0.34, respectively), which provides support for the responsiveness of the QLS. It is hoped that future research will examine responsiveness of the QLS and other functional outcomes instruments, specifically in relation to improvement in cognitive indices.
Discussion and Recommendations for Future Research
Overall, the 6 treatment and 3 nontreatment longitudinal studies discussed in the current article offer initial support for a link between change in cognitive function and change in functional status among schizophrenic patients. Each study found some similarities between patterns of cognitive and functional declines or improvements. However, inconsistencies across studies indicate that the research conducted so far should be considered a first step, and substantial questions remain unanswered. Although cognitive and functional changes were clearly associated in 3 longitudinal studies of agerelated decline, [39] [40] [41] this link was not consistently demonstrated in studies of treatment-related improvement. For example, change in the majority of cognitive deficits (ie, 11 of 13 neuropsychological tests) analyzed by Spaulding and colleagues 36 was not significantly related to change in social functioning. In addition, patients with schizophrenia who were treated with second-generation antipsychotic medication in the study by Velligan et al 35 significantly improved in both cognitive functioning and quality of life but not in adaptive functioning.
These inconsistencies raise several questions for future research. First, both cognitive and functional statuses are multidimensional constructs, and inconsistent findings across studies may reflect the fact that the various studies did not examine the same aspects of these constructs. Research is needed to identify the functional outcome domains and measures that will be most sensitive to concurrent change in cognition. Cross-sectional research has demonstrated a clear association at one point in time between CIAS and impairment in independent living skills, occupational functioning, and social functioning. 25 However, sufficient longitudinal research has not yet determined whether each of these functional domains respond to cognitive change over time at the same rate. It is possible that change in some functional status domains may depend on several interrelated factors, such as the phase of treatment, phase of schizophrenia, or severity of psychotic symptoms.
Questions also remain regarding the nature of the link between cognitive and functional status over time. In the 9 reviewed studies, cognitive and functional change were more consistently related to each other when both were declining rather than improving. There are several possible reasons for the more robust association in the 3 studies with cognitive decline (Table 2 ). First, these 3 studies had longer durations than the improvement studies. It can be hypothesized that change in outcomes such as occupational or social functioning may lag behind cognitive change. If so, longer-term studies would be more likely to detect these delayed functional outcomes. Study durations of less than 1 year (eg, several of the studies listed in Table 1 ) may not be sufficient to detect all the functional implications of cognitive change. Furthermore, over a longer period of time, one could reasonably expect to find cognitive change of a greater magnitude than in shorter studies. This greater cognitive change would be more likely to have a measurable impact on functional status.
Alternatively, characteristics of the samples could account for differences in results. In all 3 studies showing cognitive decline (Table 2) , the samples consisted of elderly patients with schizophrenia. Perhaps the decline seen in these older patients is qualitatively different from change that might be observed in younger patients. For example, it is possible that some elderly patients in these 3 studies dropped below a minimal level of cognitive ability required to perform many functional tasks. Further longitudinal research on age-related decline in treatmentrelated improvement among diverse samples is needed to better understand the relationship between cognition and functional status over time.
Another remaining question involves a possible threshold effect. While some studies revealed a direct correlation between cognitive and functional change, 33, 41 one study found a significant association only when cognitive ability reached a certain threshold. 38 This threshold finding suggests the possibility that a minimal level of cognitive functioning is necessary for functional status to improve. This hypothesis is supported by another study which found that neuropsychological performance at baseline significantly predicted patients' subsequent response to a 6-month work rehabilitation program. 28 In this study, cognition was not assessed at end point, so results do not provide an indication of the association between cognitive and functional change. Nevertheless, findings suggest that there may be a minimal level of cognitive functioning that is required for functional status improvement to occur. If this threshold hypothesis is eventually supported by future research, it would suggest that the treatment of cognitive impairment is a critical first step toward helping schizophrenic patients improve in meaningful functional domains such as work and social functioning.
In order to gain a better understanding of the link between change in cognitive function and change in functional status, it will first be necessary to improve measurement of functional outcomes among patients with schizophrenia. Although many measures of social functioning, work performance, and quality of life are available, there is no consensus regarding which instruments are most sensitive to change in cognitive functioning. For example, despite the importance of researching functional outcomes of treatment of CIAS, the MATRICS group has not yet recommended specific measures of functional status that are most likely to be sensitive to cognitive change. 60 Ideally, new functional outcome measures should be developed that are specifically designed to be responsive to change in cognition. The domains assessed by such instruments should be chosen based on theory and previous studies indicating which functional domains are most closely related to cognitive ability. For example, occupational functioning is known to be strongly associated with verbal memory and executive functioning. 28 60 These suggested guidelines indicated that instruments should have the following characteristics: good face validity for patient improvement; expectations that the instrument would change in close temporal proximity to change on cognitive performance measures; ability to yield results that are not heavily dependent on range of rehabilitation opportunities or levels of social support; practical for researchers; and tolerable for participants.
The mode of assessment for functional status evaluation should also be carefully considered. Self-report, proxyreport, and direct performance observation measures are available for patients with schizophrenia, and each approach has strengths and weaknesses. 66 Self-report measures have the advantage of capturing the patient's perspective, and some research suggests that patients with schizophrenia can reliably report their own condition. 67, 68 However, self-report methodology should be used with caution among this population because patients are not likely to have accurate insights into their own condition and quality of life during acute phases of the disorder. 69 Proxy-reporters who know the patient well may be the best choice for assessment of the patient's actual functional status in multiple domains, but findings suggest that some proxies may underestimate the patient's physical and psychological quality of life. 70 Instruments involving direct observation of patients' performance, such as the University of California at San Diego performance-based skills assessment, can offer an unbiased evaluation of functional ability. 66 However, these instruments only assess the capacity to perform tasks in a testing context, rather than the patients' actual performance of these tasks in everyday situations. In treatment evaluation studies, it is likely that functional capacity may improve before actual performance outside the testing situation. The choice between these assessment approaches will depend on the research questions, resources, and design of each individual study.
When developing new functional status instruments, it is recommended that responsiveness and MID be evaluated as part of the development and validation process. One strategy would be to conduct anchor-based assessment using neuropsychological measures as the anchoring instruments. Correlational analyses comparing change in scores of the functional instrument in question with change in neuropsychological anchors would provide direct evaluation of an instrument's sensitivity to cognitive improvement. If it is not possible to create new measures, responsiveness of commonly used functional status instruments can be assessed by collecting new longitudinal data or by conducting a secondary analysis of pre-existing longitudinal data sets. 58 Development of responsive instruments is likely to be a challenging task because of characteristics of the population in which they will be used. Many patients with schizophrenia may have external restrictions on functional change. For example, some patients who demonstrate cognitive improvement may be unable to change their living situation due to economic limitations. Such external restrictions will need to be identified so that they do not confound analyses involving the relationship between cognition and functional status over time. Another challenge stems from the heterogeneity of patients with schizophrenia, who are highly diverse in terms of disease trajectory, symptom severity, and living situation. It may not be possible to develop a single instrument that is appropriate for every patient.
Despite the inherent challenges, there is much to be gained from improved functional status measurement. Improved and psychometrically sound functional outcomes instruments will help standardize measurement across studies. With more consistent measurement, evidence can accumulate, and a clearer understanding of the link between changes in cognition and functional status will emerge. Clinical trials of second-generation antipsychotics are increasingly focusing on the cognitive effects of these medications. A greater understanding of the link between cognitive and functional change will guide research on treatment outcome by providing an indication of which cognitive deficits are most likely to have a lasting impact on patients' lives. These cognitive deficits can then become a priority for clinical trials of existing treatments as well as for treatment of patients with schizophrenia in clinical practice.
